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RESIN-COATED STEEL PIPE WITH SUPERIOR MECHANICAL STRENGTH, 
INCLUDING THE ABILITY TO SLIDE 

FIELD OF SEARCH 

This invention belongs to the technical field of 
resin-coated steel pipe with superior mechanical strength, 
including the ability to slide, which uses, as its outer 
coating resin, a crystalline engineering plastic notably 
superior in mechanical strength, including the ability to 
slide, and in heat resistance. More particularly, the 
invention relates to a resin-coated steel pipe with 
superior mechanical strength, including the ability to 
slide, the crystalline engineering plastic of which greatly 
improves the adhesiveness of the steel pipe, making the 
pipe suited for use as a spline shaft used in live-roller 
conveyors for light or medium loads, and the like. 

BACKGROUND OF THE INVENTION 

Crystalline engineering plastics such as PBT 
(polybutylene terephthalate ) resin and nylon resin are 
notably superior in mechanical strength, including the 
ability to slide, and in heat resistance. Thus, if such 
plastics can be used as the outer coating resin of resin- 
coated steel pipes, then it is possible to obtain resin- 
coated steel pipes superior in their ability to slide, as 
well as in their durability. Accordingly, there are 
remarkable advantages to such steel pipes, and it is 
expected that there will also be great demand for the same. 
Resin-coated steel pipes are most suitable for use as 
members requiring a significant ability to slide, such as 
spline shafts used in live-roller conveyors for light or 
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medium loads . 

When using a crystalline engineering plastic as the 
outer coating resin of a resin-coated steel pipe, there has 
hitherto been no suitable adhesive that was able to 
5 satisfactorily bond the crystalline engineering plastic to 
a thin-walled steel pipe. The only available measure was 
to coat the thin-walled steel pipe with a thin film of a 
modified polyolef in-based adherent polymer and then bond 
the crystalline engineering plastic to the surface of the 
10 polymer. 

However, the resin-coated steel pipe constructed by 
bonding a crystalline engineering plastic to the thin- 
walled steel pipe with an adherent polymer is problematic 
in that water is liable to seep into the interface between 

15 the thin-walled steel pipe and the adherent polymer, 

causing the separation of the coated resin (crystalline 
engineering plastic). Especially in cases where the resin- 
coated steel pipe is used outdoors, or in the field of 
agriculture or fisheries, regular contact with water will 

20 result in accelerated separation of the coated resin, thus 
impairing the practicality of the resin-coated steel pipe 
for such applications. 

Also, although crystalline engineering plastics are 
superior in mechanical strength, including the ability to 

25 slide, as well as in heat resistance, they have a low melt 
viscosity and a large shrinkage factor. Consequently, a 
disadvantage also arises in that shaping stability, and 
thus dimensional accuracy, is low, lowering production 
efficiency. 

30 Moreover, crystalline engineering plastics are in 

themselves expensive and are not economical materials. In 
the present circumstances, therefore, crystalline 
engineering plastics should be coated to the smallest 



possible thickness, thereby reducing the amount of the 
expensive resins used. 

As stated above, it is extremely difficult to use a 
crystalline engineering plastic as the outer coating resin 
5 of a resin-coated steel pipe, and no such resin-coated 
steel pipe has been put to practical use yet. 

Currently, therefore, the outer resin coating of 
resin-coated steel pipes is formed using synthetic resins, 
such as AAS, ABS, AES and PETG, which are inferior to 

10 crystalline engineering plastics in mechanical strength, 

including the ability to slide, and in heat resistance, but 
permit the use of a rubber-based adhesive which ensures 
excellent water resistance of the adhesion interface 
between the thin-walled steel pipe and the coated resin, 

15 and does not entail the separation of the coated resin. 

A first object of the present invention is to provide 
a resin-coated steel pipe with superior mechanical strength, 
including the ability to slide, in which crystalline 
engineering plastic has greatly improved adhesiveness with 

20 respect to a thin-walled steel pipe, and thus is free from 
problems of separation. 

A second object of the present invention is to provide 
a resin-coated steel pipe with superior mechanical strength 
including slidability, which can be more economically 

25 manufactured with improved production efficiency. 

DISCLOSURE OF THE INVENTION 

To achieve the objects described above, the invention 
as recited in claim 1 relates to a resin-coated steel pipe 
30 (1) with superior mechanical strength, including the 

ability to slide, in which an alloy resin (3) that is a 
mixture of a styrene-based resin and a crystalline 
engineering plastic is coated over the outer peripheral 
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surface of a thin-walled steel pipe (2) and is bonded to it 
by an adhesive. The crystalline engineering plastic (4), 
of a thickness necessary to exhibit required mechanical 
strength, including the ability to slide, is coated over 
5 the outer peripheral surface of the coated resin (3) such 
that the resin- coated steel pipe has a double coated 
structure with a uniform cross -sectional form along its 
axial direction. 

In the resin-coated steel pipe (1) with superior 

10 mechanical strength, including the ability to slide, 

according to claim 1, the invention recited in claim 2 is 
characterized in that the styrene-based resin (3) is a 
resin selected from the group comprised of AAS resins, ABS 
resins and AES resins, and the crystalline engineering 

15 plastic (4) is a resin selected from the group comprised of 
PBT resins, nylon resins and polyacetal resins. 

In the resin-coated steel pipe (1) with superior 
mechanical strength, including the ability to slide, 
according to claim 1 or 2, the invention recited in claim 3 

20 is characterized in that the thin-walled steel pipe (2) is 
circular in section. The alloy resin (3) bonded and coated 
over the outer peripheral surface of the thin-walled steel 
pipe (2) has furrows (3a) and ridges (3b) formed 
alternately in the circumferential direction of the thin- 

25 walled steel pipe. Further, the furrows (3a) and the 
ridges (3b) extend in the axial direction of the thin- 
walled steel pipe such that the thin-walled steel pipe with 
the alloy resin coating has a uniform cross -sectional form 
along its axial direction. Each of the ridges (3b) has a 

30 groove (3c) formed on its outer peripheral surface and 

extending in the axial direction of the thin-walled steel 
pipe. The groove (3c) is capable of accommodating the 
crystalline engineering plastic (4) of a thickness and 
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width necessary to exhibit the required mechanical strength, 
including the ability to slide. The crystalline 
engineering plastic (4) coated over the outer peripheral 
surface of the alloy resin (3) has a thickness such that 
5 the crystalline engineering plastic coated over the grooves 
(3c) in the respective ridges (3b) of the alloy resin (3) 
has a thickness greater than that coated on other regions, 
and that the resin-coated steel pipe is spline-shaped as a 
whole . 

10 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1A is a perspective view showing a resin- coated 
steel pipe with superior mechanical strength, including the 
ability to slide, according to the present invention, FIG. 
15 IB is a sectional view of the resin-coated steel pipe, and 
FIG. 1C is an enlarged view of part X shown in FIG. IB; 

FIG. 2 is an elevation showing a principal part of a 
crosshead die- type extrusion molding machine; 

FIG. 3 is a sectional view taken along line III-III in 
20 FIG. 2; 

FIG. 4A is a front view of an inner resin coating die 
ring, and FIG. 4B is a sectional view taken along line IV- 
IV; 

FIG. 5A is a front view of an outer resin coating die 
25 ring, and FIG. 5B is a sectional view taken along line V-V; 
and 

FIG. 6 is a reference figure showing an example of how 
the resin- coated steel pipe with superior mechanical 
strength, including the ability to slide, according to the 
30 present invention may be used. 



THE MOST PREFERRED EMBODIMENT OF THE INVENTION 

FIGS. 1A to 1C illustrate a resin-coated steel pipe 1 



with superior mechanical strength, including the ability to 
slide, according to an embodiment of the invention as 
recited in claim 1. The resin-coated steel pipe 1 with 
superior mechanical strength, including the ability to 
5 slide, is suitable for use as a spline shaft, for example, 
which is used in a live -roller conveyor for light or medium 
loads, etc., and which is required to have a significant 
ability to slide. 

The alloying of resins has conventionally been carried 

10 out in order to obtain superior functions and properties 

that cannot be achieved by a single resin. Recently, alloy 
resins containing resins with originally poor compatibility, 
alloyed using a compatibilizer , have become commercially 
available, and styrene-based resins alloyed with various 

15 resins have also appeared in the market. The present 

invention is based on the following technical concepts: An 
alloy resin 3, which is a mixture of a styrene-based resin 
and a crystalline engineering plastic, is used so that a 
rubber-based adhesive capable of adhering to the styrene- 

20 based resin contained in the alloy resin 3 ensures 

sufficiently high adhesion to the surface of a steel pipe 2 
while at the same time the alloy resin can be coated 
externally with the crystalline engineering plastic 4 and 
bonded by means of its compatibility with the crystalline 

25 engineering plastic 4. Thus, the resin-coated steel pipe 1 
is greatly improved in terms of adhesiveness of the 
crystalline engineering plastic 4 to the thin-walled steel 
pipe 2. Also, the required mechanical strength, including 
the ability to slide, is efficiently attained while 

30 minimizing the amount of the expensive crystalline 
engineering plastic 4 used. 

In the resin-coated steel pipe 1, a rubber-based 
adhesive is applied to the outer peripheral surface of the 
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thin-walled steel pipe 2 which is circular in section and 
has an outside diameter of about 26 nun, and the alloy resin 
3 is coated on and bonded to the outer peripheral surface 
of the steel pipe 2 applied with the adhesive. The alloy 
5 resin 3 is composed of an AAS resin, which is a styrene- 
based resin, and a PBT resin, which belongs to crystalline 
engineering plastics. 

The outer peripheral surface of the alloy resin 3 is 
coated with the same crystalline engineering plastic as 

10 that constituting the alloy resin 3, that is, the PBT resin 
4, which has a thickness necessary to exhibit the required 
mechanical strength, including the ability to slide, such 
that the resin-coated steel pipe has a double coated 
structure with a uniform cross -sectional form along its 

15 axial direction, (according to claim 1 of the present 
invention) . 

The alloy resin 3 is a polymer alloy of AAS resin 
containing 20% PBT resin. The alloy resin is coated over 
the outer peripheral surface of the thin-walled steel pipe 

20 2 and has furrows 3a and ridges 3b formed alternately in 

the circumferential direction of the thin-walled steel pipe. 
The furrows 3a and the ridges 3b extend in the axial 
direction of the thin-walled steel pipe such that the thin- 
walled steel pipe coated with the alloy resin has a uniform 

25 cross-sectional form along its axial direction. The ridges 
3b, which are six in number, each has a groove 3c formed on 
the outer peripheral surface and extending in the axial 
direction of the thin-walled steel pipe, the groove 3c 
being capable of accommodating the PBT resin 4 for a 

30 thickness (about 0.5 mm) and width (about 4 mm) necessary 
to exhibit the required mechanical strength, including the 
ability to slide. 

The PBT resin 4 is coated over the outer peripheral 
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surface of the alloy resin 3 such that the PBT resin has a 
greater thickness (about 0.8 nun) in regions corresponding 
to the grooves 3c in the ridges 3b of the alloy resin 3, 
has a lesser thickness (about 0.3 mm) in regions 
5 corresponding to the other regions of the ridges 3b, and 
has the least thickness (about 0.1 mm) in regions 
corresponding to the furrows 3a, (according to claim 3 of 
the present invention) . 

The styrene-based resin constituting the alloy resin 3 

10 is not limited to the AAS resins alone, and ABS resin or 
AES resins may be used instead. Also, the crystalline 
engineering plastic 4 to be used is not limited to PBT 
resins 4; nylon resin or polyacetal resins may also be used, 
(according to claim 2 of the current invention). Namely, a 

15 resin-coated steel pipe coated with a desired crystalline 
engineering plastic can be obtained insofar as a styrene- 
based alloy resin containing the desired crystalline 
engineering plastic is available. 

In this embodiment, six ridges 3b are arranged at 

20 substantially equal intervals in the circumferential 

direction of the steel pipe, but the number of the ridges 
is not limited to six. Also, the resin-coated steel pipe 1 
of the embodiment is shaped like a spline (spline shaft), 
but the shape of the steel pipe is, of course, not limited 

25 to spline and may be cylindrical. 

The PBT resin 4 has an increased thickness in the 
region corresponding to the central portion of each ridge 
3b, as viewed in cross section, in order to efficiently 
impart the required mechanical strength, including the 

30 ability to slide, to the steel pipe, while at the same time 
minimizing the amount of the expensive crystalline 
engineering plastic 4 used. Also, in the event the resin- 
coated steel pipe 1 of the embodiment is used as a spline 
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shaft, the central portions of the ridges 3b, which are 
fitted into a bearing, are most likely to wear away due to 
sliding contact, and this is why the thickness of the PBT 
resin is increased. The grooves 3c of the alloy resin 3, 
5 which permit the thickness of the PBT resin 4 to be 

increased, also serve to restrict the extruded PBT resin 4 
with the opposing walls of each groove, and the ridges and 
the furrows can be formed stably even though the PBT resin 
4, which has a low melt viscosity and is difficult to keep 

10 in shape, is used. 

Specifically, in the example shown in FIG. 1, the 
thin-walled steel pipe 2 used has a thickness of about 1 mm 
or less and an outside diameter of about 26 mm. The alloy 
resin 3 is about 0 . 5 mm thick at the furrow 3a and about 

15 1.2 mm thick at the ridge 3b. Each groove 3c is about 4 mm 
wide and about 0 . 5 mm deep. The PBT resin 4 has an 
increased thickness of about 0.8 mm in the region 
corresponding to the groove 3c, has a lesser thickness of 
about 0 . 3 mm in the region corresponding to the ridge 3b 

20 excepting the groove 3c, and has the least thickness of 

about 0.1 mm in the region corresponding to the furrow 3a. 
Accordingly, the resin-coated steel pipe 1 as a whole, 
which is spline-shaped and is formed by extrusion molding, 
has a major outside diameter of about 29 mm when measured 

25 at the ridges 3b, and a minor outside diameter of about 
27.2 mm when measured at the furrows 3a. 

The aforementioned resin-coated steel pipe 1 with 
superior mechanical strength, including the ability to 
slide, has the following advantages: (1) The PBT resin 

30 (crystalline engineering plastic) 4 is coated on the thin- 
walled steel pipe 2 such that the alloy resin 3 with 
compatibility to the PBT resin is interposed between the 
steel pipe 2 and the PBT resin. Accordingly, the PBT resin 
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4 has sufficiently high adhesion to the thin-walled steel 
pipe 2, thus eliminating the possibility of the coated PBT 
resin being separated. (2) The PBT resin 4, which has a 
low melt viscosity and is difficult to keep in shape, is 
5 extruded while being restricted by the opposing walls of 
each groove 3c of the alloy resin 3 , allowing the shaping 
to be stabilized and production efficiency to be greatly 
improved. (3) The use of the expensive crystalline 
engineering plastic 4 is limited to the minimum amount 

10 necessary to ensure the required ability to slide, so that 
the resin-coated steel pipe can be manufactured 
economically at a low unit cost . 

Referring now to FIG. 2 and the succeeding drawings, 
an extrusion molding method for producing the resin -coated 

15 steel pipe 1 with superior mechanical strength, including 
the ability to slide according to the embodiment is 
described. 

FIGS. 2 and 3 illustrate a crosshead die-type 
extrusion molding machine used in the extrusion molding 

20 method. In FIG. 3, reference numeral 10 denotes the die 
ring structure of the cross die, which constitutes a 
principal part of the extrusion molding machine. The basic 
structure of the machine is almost identical with that of 
the extrusion molding machine described in Japanese Patent 

25 No. 2867244 granted to this applicant. 

In the extrusion molding machine, the distribution 
piece 14 and the inner resin coating die ring 15, which are 
arranged adjacent to the adapter 11 attached to the distal 
end of the cross die, not shown, are fixed in position by a 

30 distribution plate 12, and the radial distribution piece 16 
and the outer resin coating die ring 17 are fixed in 
position by a distribution plate 13. The distribution 
plates 12 and 13 are in close contact with, and securely 
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fixed to, each other. A coupling member 20, which is 
coupled to a heating cylinder, is connected to upper 
portions of the distribution plates 12 and 13 across the 
plane where the distribution plates are joined. The alloy 
5 resin 3 from the cross die is coated over the outer 

peripheral surface of the thin-walled steel pipe 2 by the 
inner resin coating die ring 15. Subsequently, the PBT 
resin 4 from the heating cylinder is coated over the outer 
peripheral surface of the alloy resin 3 by the outer resin 

10 coating die ring 17. 

A flow passage for introducing the PBT resin 
(crystalline engineering plastic) 4 from the coupling 
member 20 to the outer resin coating die ring 17 is 
constituted by a relatively large semicircular first flow 

15 passage 18 concentric with the thin-walled steel pipe 2, 
and small -diameter second flow passages 19, 19 located 
inside the first flow passage and connected to respective 
opposite ends of the semicircular first flow passage. The 
second flow passages 19, 19 are connected to each other and 

20 their junctions are narrowed so that the resin may be 
uniformly extruded toward the center. 

The second flow passages 19, 19 connect with through- 
holes 17a and 17b (see FIG. 5) in the outer resin coating 
die ring 17 through radial flow passages formed in the 

25 radial distribution piece 16. 

As shown in FIGS. 4A and 4B, the inner resin coating 
die ring 15 has through-holes 15a, 15b and 15c. The 
through-hole 15a corresponds to the furrows 3a of the alloy 
resin 3 to be coated, and the through-hole 15c corresponds 

30 to the grooves 3c of the alloy resin 3. Each of the 

through-holes 15c and the through-holes 15b corresponds to 
a ridge 3b of the alloy resin 3. 

As shown in FIGS. 5A and 5B, to coat the alloy resin 3 



- 12 - 

with the PBT resin 4, the outer resin coating die ring 17 
has through-holes 17a, each of which has a circumferential 
width corresponding to one through-hole 15c of the inner 
resin coating die ring 15 and the through-holes 15b , 15b 
5 located on either side, so as to coat the PBT resin 4 with 
an increased thickness, and the through-holes 17b each 
corresponding in position to through-hole 15a so as to coat 
the PBT resin 4 with a lesser thickness. 

To obtain the resin-coated steel pipe 1 with superior 

10 mechanical strength, including the ability to slide, by 
extrusion molding with the use of the aforementioned 
molding machine, first, the thin-walled steel pipe 2 is 
advanced from the cross die, not shown, to the right, and 
as the steel pipe 2 advances, the alloy resin 3, which is 

15 supplied to the inner resin coating die ring 15 via the 

adapter 11 and the distribution piece 14, is coated on and 
bonded to the steel pipe 2. 

Subsequently, the thin- walled steel pipe 2 reaches the 
outer resin coating die ring 17, where the PBT resin 4, 

20 which is supplied to the through-holes 17a and 17b from the 
coupling member 20 through the first and second flow 
passages 18 and 19, the radial distribution piece 16 and 
the gap between the inner and outer resin coating die rings 
15 and 17, is coated over the outer peripheral surface of 

25 the alloy resin 3 while being kept in shape by the alloy 
resin. In this manner, the resin-coated steel pipe 1 
including the alloy resin 3 and the PBT resin 4 as its 
inner and outer coatings, respectively, as shown in FIG. 1, 
is obtained by extrusion molding, and the steel pipe 1 thus 

30 obtained is spline-shaped and has a double coated structure 
with a uniform cross -sectional form along the axial 
direction thereof . 

While the embodiment of the present invention has been 
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described with reference to the drawings, it is to be noted 
that the invention is not limited to the construction of 
the embodiment shown and described, and that variations in 
design and applications that will readily occur to those 
5 skilled in the art without departing from the technical 
concepts of the invention should be regarded as falling 
within the scope of the invention. 

INDUSTRIAL UTILIZATION 

10 In the resin-coated steel pipe with superior 

mechanical strength, including the ability to slide, 
according to the present invention, the crystalline 
engineering plastic is coated in such a manner that the 
alloy resin, which is compatible with the engineering 

15 plastic, is interposed between the thin-walled steel pipe 
and the engineering plastic. Accordingly, the coated 
crystalline engineering plastic has sufficiently high 
adhesion to the steel pipe and does not separate from it. 
Also, the PBT resin, which has a low melt viscosity and is 

20 difficult to keep in shape, is extruded while being 

restricted by the opposing walls of each groove of the 
alloy resin, allowing the shaping to be stabilized and the 
production efficiency to be greatly improved. Further, the 
use of the expensive crystalline engineering plastic is 

25 limited to the amount necessary to ensure the required 
ability to slide, and therefore, the resin-coated steel 
pipe can be economically manufactured at a low unit cost. 



